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[Claims ] 

[Claim 1] A method of forming a contact for a semiconductor 
device comprising the steps of: 

forming an etching barrier layer made of a persilicon 
oxide nitride film on a semiconductor substrate having a 
predetermined lower structure; 

forming an interlayer insulator on the persilicon oxide 
nitride film; 

forming a photosensitive film pattern which exposes the 
part of the interlayer insulator in which a contact hole is 
to be formed; 

etching the interlayer insulator by use of a C-H-F type 
gas in such a manner that the interlayer insulator exposed 
by the photosensitive film pattern is selectively removed, 
whereby the persilicon oxide nitride film is exposed, and 
removing the photosensitive film pattern; and 

removing the exposed persilicon oxide nitride film by 
use of the interlayer insulator selectively removed as a 
mask to form a self-aligned contact. 

[Claim 2] A method of forming a contact for a semiconductor 
device according to claim 1 , wherein the interlayer 
insulator is made of any one of BPSG, TEOS, PSG, HDP-USG, 
and APL (Advanced Planarization Layer) . 
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[Claim 3] A method of forming a contaci: for a semiconductor 
device according to claim 1, wherein as the C-H-F containing 
gas, a gas or mixed gas selected from the group consisting 
of C2F4, CjFg, C3F5, C3F8, C4F8, C4F6, CgFa, C5F10/ C^HyF^ ( x+y = 2, 
3, 4, 5; z = 4, 6, 8, 10), CH3F, C2HF5, C2H2/ CH3F, and CHjFj is 
used, or the mixed gas mixed with an inert gas is used. 
[Claim 4] A method of forming a contact for a semiconductor 
device according to claim 1, wherein in the case of BPSG 
used as the interlayer insulator, the process of etching the 
interlayer insulator is carried out at a power of 300 to 
3,000 W and a gas pressure of 3 to 200 mT, by use of a mixed 
gas having a ratio of C4F3 : CH^Fj : Ar = 5 to 50 : 1 to 50 : 
1 to 1,000. 

[Claim 5] A method of forming a contact for a semiconductor 
device comprising the steps of: 

laminating a conductive layer pattern and a hard mask 
insulating layer pattern on a semiconductor substrate; 

forming an insulating film spacer on the side walls of 
the hard mask insulating film pattern and the conductive 
layer pattern; 

forming an etching barrier layer made of a persilicon 
oxide nitride film on the upper side of the whole structure; 

forming an interlayer insulator on the persilicon oxide 
nitride film; 

forming a photosensitive film pattern which exposes the 
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part of the interlayer insulator in which a contact hole is 
to be formed; 

etching the interlayer insulator by use of a C-H-F type 
gas in such a manner that the interlayer insulator exposed 
by the photosensitive film pattern is selectively removed, 
whereby the persilicon oxide nitride film is exposed, and 
removing the photosensitive film pattern; and 

removing the exposed persilicon oxide nitride film by 
use of the interlayer insulator selectively removed as a 
mask to form a self -aligned contact, 

[Claim 6] A method of forming a contact for a semiconductor 
device according to claim 5, wherein the interlayer 
insulator is made of any one of BPSG, TEOS, PSG, HDP-USG, 
and APL (Advanced Planarization Layer). 

[Claim 7] A method of forming a contact for a semiconductor 
device according to claim 5, wherein as the C-H-F containing 
gas, a gas or mixed gas optionally selected from the group 
consisting of C2F4, CjFg, C3F6, CjFg, C^F^f C^F^, C^F^, C^F^^, 
C^HyF, (x+y = 2, 3, 4, 5; z = 4, 6, 8, 10), CH3F, C^RFg, CjH^, 
CH3F, and CH2F2 is used, or the mixed gas mixed with an inert 
gas is used. 

[Claim 8] A method of forming a contact for a semiconductor 
device according to claim 5, wherein in the case of BPSG 
used as the interlayer insulator, the process of etching the 
interlayer insulator is carried out at a power of 300 to 



- 4 - 



3,000 W and a gas pressure of 3 to 200 mT, by using a mixed 
gas having a ratio of C4F8 : CH2F2 : Ar = 5 to 50 : 1 to 50 : 
1 to 1,000. 

[Claim 9] A method of forming a contact for a semiconductor 
device comprising the steps of: 

forming a conductive layer on a semiconductor substrate 
and a hard mask made of a first persilicon oxide nitride 
film containing 5 to 70 percents of amorphous silicon and 
polysilicon on the conductive layer; 

plasma-treating the first persilicon oxide nitride film 
to form an oxide film on the surface of the first persilicon 
oxide nitride film; 

patterning the hard mask and the conductive layer to 
form a hard mask pattern and a conductive wiring; and 

forming a spacer made of a second persilicon oxide 
nitride film containing 5 to 70 percents of amorphous 
silicon and polysilicon on the side walls of the hard mask 
pattern and the conductive wiring. 
[Claim 10] A method of forming a contact for a 
semiconductor device according to claim 9, wherein the first 
persilicon oxide nitride film is formed by an in-situ 
process in such a manner that the lower, portion of the first 
persilicon oxide nitride film has a low content of silicon, 
and the higher portion thereof has a higher content of 
silicon. 
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[Claim 11] A method of forming a contact for a 
semiconductor device according to claim 10, wherein the 
first per silicon oxide nitride film is formed so that the 
content of silicon nitride (Si3N4) based on the amorphous 
silicon or polysilicon, silicon nitride (Si3N4), and silicon 
oxide (SiOj) constituting the silicon oxide nitride film is 
in the range of 10 percents to 90 percents. 
[Claim 12] A method of forming a contact for a 
semiconductor device according to claim 9, wherein the first 
and second persilicon oxide nitride films are formed by a 
PECVD method using a high frequency electric source at 13-56 
MHz or 100 Hz to 1 MHz. 

[Claim 13] A method of forming a contact for a 
semiconductor device according to claim 12, wherein the 
PECVD method is carried out at a plasma generation power of 
0 to 2KW, with a substrate bias being applied for a higher 
film density, and under pressure at 0,5 to 20 torr. 
[Claim 14] A method of forming a contact for a 
semiconductor device according to claim 12, wherein the 
PECVD method uses a mixed gas for vapor deposition which is 
a mixed gas comprising 0 to 500 seem of SiH4, 0 to 5000 seem 
of N2O, and 0 to 50000 seem of Nj mixed with an inert gas 
such as He, Ne, Ar or the like, 

[Claim 15] A method of forming a contact for a 
semiconductor device according to claim 9, wherein the first 
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and second persilicon oxide nitride film is formed by a 
PECVD method^ using an ultra-high frequency electric source 
at 2.45GHz, 

[Claim 16] A method of forming a contact for a 
semiconductor device according to claim 15, wherein the 
PECVD method is carried out at a plasma generation power of 
0 to 5KW, with a substrate bias being applied for a higher 
film density, and under pressure at 0.002 to 100 torr. 
[Claim 17] A method of forming a contact for a 
semiconductor device according to claim 15, wherein the 
PECVD method uses a mixed gas for vapor deposition which is 
a mixed gas comprising 0 to 500 seem of SiH4, 0 to 5000 seem 
of NjO, and 0 to 50000 seem of mixed with an inert gas 
such as He, Ne, Ar or the like, whereby the thin-film 
uniformity is enhanced. 

[Claim 18] A method of forming a contact for a 
semiconductor device according to claim 9, wherein the 
plasma treatment is carried out by an in-situ process at a 
reaction chamber pressure of 0.01 to 10 torr, a high 
frequency applied-power of 0 to 5000 W, a substrate 
temperature of 100 to 500°C, a distance between the 
electrodes of 100 to 10000 mm, by use of 100 to 10000 seem 
of a NjO or O2 gas. 

[Claim 19] A method of forming a contact for a 
semiconductor device comprising the steps of: 
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forming a conductive layer, a first silicon oxide 
nitride film, and a first silicon-rich oxide nitride film on 
the upper side of a semiconductor substrate, and patterning 
then to form a conductive wiring; 

forming a spacer having a lamination structure 
comprising a second silicon oxide nitride film and a second 
silicon-rich oxide nitride film on the side wall of the 
conductive wiring; 

forming an interlayer insulator on the surface of the 
whole structure so as to make the whole of the upper surface 
flat; and 

forming a contact for exposing a predetermined part of 
the semiconductor substrate by a self -alignment technique. 
[Claim 20] A method of forming a contact for a 
semiconductor device according to claim 19, wherein the 
first and second silicon oxide nitride films and the first 
and second silicon-rich oxide nitride films are formed in- 
s itu , respectively . 

[Claim 21] A method of forming a contact for a 
semiconductor device according to claim 19, wherein the 
contact-etching process by a self-alignment technique is 
carried out by use of C-F type plasma by which the 
interlayer insulator and the first and second silicon-rich 
oxide nitride films can present a sufficient difference 
between the etch select iv it ies of them. 



[Claim 22] A method of forming a contact for a 
semiconductor device according to claim 21, wherein the 
contact-etching process by a self-alignment technique is 
carried out after an inert gas such as argon , helium, or the 
like is added for enhancement of the stability of the 
etching process. 

[Claim 23] A method of forming a contact for a 
semiconductor device according to claim 19, wherein the 
contact-etching process by a self-alignment technique is 
carried out by use of a carbon-rich (C-rich) fluoro-gas such 
as CjFg/ CgFa, or the like, 

[Claim 24] A method of forming a contact for a 
semiconductor device according to claim 21, wherein in the 
contact-etching process, a C-H-F type gas is added, whereby 
the etching-stop phenomenon, which may be caused by a 
polymer, is suppressed. 

[Claim 25] A method of forming a contact for a 
semiconductor device according to claim 19, wherein oxide 
films are used instead for the first and second silicon 
oxide nitride films. 



[0021] As a method proposed to solve the above-described 
problems, the SAC method using a nitride film as an etching 
barrier layer is exemplified. 

[0022] According to this method, dry etching is carried out 
under the condition that the difference between the etch 
selectivities of the interlayer insulator and the etching 
barrier layer is large, that is, the difference is 15 : 1 or 
larger, so that the nitride film is exposed, and moreover, 
the exposed nitride film is removed to form a contact hole. 
[0023] At this time, to increase the aforementioned etch 
selectivities, the etching process uses a mixed gas of at 
least one kind of a C-H-F type gas or an H-containing gas 
which can generate a large amount of polymers, such as C2F4, 
CjFg, C3F6, C3F8/ C4F8, C2H2, CH3F, C2HF5, CH2F2, or the like, 
with an insert gas. 

[0024] When the polymers generated during the etching 
process are vapor-deposited on the interlayer insulator made 
of an oxide film material, the polymers are continuously 
removed, due to oxygen generated from the oxide film, that 
is, the etching is carried out. However, when the polymers 
are vapor-deposited on the nitride film, the nitride film 
suffers no damages, because of absence of an etching source. 
[0025] Thus, when the amount of the polymers is increased, 
the etch selectivity ratio between the oxide film and the 
nitride film is increased. However, when the amount of the 
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polymers becomes excessively large or when polymers of which 
the components can not be etched are formed, the etching 
stops in a certain stage. As the C/F ratio is increased, a 
larger amount of polymers are formed. This causes a problem 
in that the aforementioned etching stops more fluently. 
[0026] Moreover, when the difference between the etch 
selectivities of the oxide film and the nitride film is 
small, the nitride film suffers damages while the oxide film 
is being etched. Accordingly, problems are caused in that 
the underlying conductive layer, for example, a 
semiconductor substrate is damaged, and an upper wiring and 
a lower wiring are short-circuited, and moreover, the 
flexibilities of the optimum processing conditions are 
reduced, resulting in deterioration of the reproducibility 
of the device, and moreover, the reliability of the device 
is reduced, due to stress with respect to other laminated 
films . 
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[0067] 

[Embodiments of the Invention] Hereinafter , embodiments of 
a method of forming a contact for a semiconductor device 
according to the present invention will be described with 
reference to the accompanying drawings • 
[0068] FIGS, 5 to 7 are illustrations of a process of 
manufacturing a contact hole for a semiconductor device 
according to a second embodiment of the present invention 
which is an example of an SAC for a charge storage electrode. 
[0069] FIG. 8 is a cross-sectional view of a semiconductor 
device according to a second embodiment of the present 
invention. 

[0070] FIG. 9 is a cross-sectional view of a semiconductor 
device according to a third embodiment of the present 
invention. 

[0071] In the first embodiment of the present invention, as 
shown in FIG. 1, a MOS FET, which comprises a gate electrode 
(53) overlapping a gate oxide film (not shown), a mask oxide 
film (33) pattern, and source/drain regions (not shown), is 
formed on a predetermined semiconductor substrate (51), e.g., 
on a silicon wafer. Thereafter, a persilicon oxide nitride 
layer (57), which functions as an etch-stopping layer when a 
contact hole is formed by etching, is formed on the whole 
surface of the above-described structure. 

[0072] At this time, for the persilicon oxide nitride film 
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(57), SiH4 and SijH^ as a silicon source, NjO and as an 
oxygen source, and NH3, and the like as an nitrogen source 
are conunonly used. 

[0073] Moreover, the mixed gas flow rate, the generation 
electric source, the gas pressure, the substrate bias, and 
so forth are controlled corresponding to the plasma 
generation principle, and the equipment. The persilicon 
oxide nitride film may be formed by Plasma Enhanced Chemical 
Vapor Deposition (hereinafter, referred to as PE-CVD 
briefly). High Density Plasma Chemical Vapor Deposition 
(HDP-CVD), and so forth. 

[0074] The PE-CVD mainly uses a capacitive- coupled type 
plasma CVD system, and the high density plasma CVD (HDP-CVD) 
employs an inductive-coupled plasma CVD system. 
[0075] Subsequently, as shown in FIG. 6, an interlayer 
insulator (59) made of an oxide film material such as Boro 
Phospho Silicate Glass (hereinafter, referred to as BPSG 
briefly), Tetra Echyl Ortho Silicate (hereinafter, referred 
to as TEOS briefly), Phospho Silicate Glass (PSG), or the 
like is formed on the persilicon oxide nitride film (57), as 
shown in FIG. 6. A photosensitive film pattern (61) is 
formed so as to expose the part of the interlayer insulator 
(59) under which a charge storage electrode contact is to be 
formed . 

[007 6] Next, as shown in FIG. 7, the exposed interlayer 
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insulator (59) is dry-etched by use of the photosensitive 
film pattern (61) to form a contact hole (63) by which the 
persilicon oxide nitride film (15) is exposed, 
[0077] At this time, the persilicon oxide nitride film (57) 
contains Si-Si bonds as a different type of etching material, 
in addition to Si-0 bonds and Si-N bonds, and therefore, has 
a sufficient etch selectivity ratio with respect to the 
interlayer insulator (59) made of the oxide film material. 
[0078] The experimental results by the inventor show that 
the aforementioned etch selectivity ratio with respect to 
the interlayer insulator (59), which depends on the Si 
content, is varied as shown in the following Table 1 when 
the interlayer insulator (59) is made of the BPSG. The 
persilicon oxide nitride film of which the Si content is 70% 
or higher is not used, since it causes a lealcage current. 
[0079] 
[Table 1] 

Si content (%) 

Selectivity Ratio 
[0080] Moreover, the etching conditions of the interlayer 
insulator (59) are determined taking account of such 
elements as listed in Table 2 . 

[0081] At this time, for the dry etching process, a C-H-F 
containing gas, that is, a gas or mixed gas selected from 
the group consisting of CjF^, CjFg, C3F6, C3F6, C^F^, C4F3, C^Fg, 



- 14 - 



CsFsr CsF.o/ C^HyF, ( x+y = 2, 3, 4, 5; 2 = 4, 6, 8, 10), CH3F, 
C2HF5, C2H2/ CH3F, and CH2F2 is used. The mixed gas may be 
mixed with an inert gas such as Ar, Ne, Xe, Nj, or the like. 
[0082] In a preferred embodiment, as revealed by the 
experimental results obtained by the inventors, when BPSG is 
used as the interlayer insulator (59), the maximum 
selectivity ratio can be obtained at a power of 300 to 
3,000W and a gas pressure of 3 to 200 mT, by using a mixed 
gas having a ratio of C4F8 : CHjFj : Ar = 5 to 50 : 1 to 50 : 
1 to 1000. 

[0083] Referring to the relationships between the 
processing conditions, the selectivity ratio, the etch-stop 
possibility, and the nitrogen film punch-through possibility, 
the etch selectivity ratio is increased, the etch-stop 
possibility is reduced, and the nitrogen film punch-through 
possibility is reduced, with the power, the gas pressure, 
the amount of C4F8 or CHjFj gas, and the amount of Ar gas 
being increased. 

[0084] The persilicon oxide nitride film (59) and the 
nitride film have material-characteristics as listed in 
Table 2. 
[0085] 
[Table 2] 

Material 

Dielectric constant 
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Stress 

Selectivity ratio 

Persilicon oxide nitride film 

Nitride film 

[0086] Hereinafter, the second and third embodiments of the 
present invention will be described with reference to FIGS. 
8 and 9. 

[0087] FIG. 8 is a cross-sectional view of a semiconductor 
device according to a second embodiment of the present 
invention. 

[0088] FIG. 9 is a cross-sectional view of a semiconductor 
device according to a third embodiment of the present 
invention. 

[0089] The second embodiment of the present invention deals 
with the case in which as an etching barrier layer, the 
persilicon oxide nitride film is used, and an oxide film 
spacer (77) is formed on the side walls of a gate electrode 
(73) and a maslc oxide film pattern (75), as shown in FIG- 8. 
[0090] In the third embodiment of the present invention, 
for example, a spacer (97) is formed by using a persilicon 
oxide nitride film, and a maslc oxide film (95) is made of 
the persilicon oxide nitride film instead. 

[0091] Thus, according to the method of forming a contact 
for a semiconductor of the present invention, in the SAC 
process using an etching barrier layer, the persilicon oxide 
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nitride film is used as the etching barrier layer, and C-H-F 
type gasses are mixed and used in the etching process 
employing the interlayer insulator, so that the etch 
selectivity ratio thereof to the etching barrier layer is 
increased. Since the persilicon oxide nitride film suffers 
less stress compared to the low pressure CVD nitride film, 
phenomena such as deterioration of the characteristics of 
the device, distortion of the wafer, and so forth, which may 
be caused by the stress, can be prevented. 

[0092] In addition, problems of generation of cracks in the 
nitride film in the succeeding heat treatment process are 
eliminated. Since the persilicon oxide nitride film, which 
is ordinarily useful as a reflection preventing film, is 
employed, an additional process for reflection-prevention is 
not needed. Thus, the process can be simplified. 
[0093] Moreover, since the persilicon oxide nitride film 
has a smaller dielectric constant compared to the nitride 
film, reduction of the operational speed of the device, 
which may be caused by the parasitic capacitance between 
wirings , can be improved . 

[0094] Furthermore, the persilicon oxide nitride film 
suffers no damages. This prevents the substrate from being 
damaged. The flexibilities of the optimum processing 
conditions are increased, and the uniformity of etching is 
enhanced. Thus, the manufacturing yield and the operational 
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reliability of the device are enhanced, 
[0095] Moreover, a fourth embodiment of the method of 
forming a contact for a semiconductor device of the present 
invention will be described with reference with the 
accompanying drawings . 

[0096] FIGS. 10 to 11 are cross-sectional views of the 
method of forming a contact for a semiconductor device 
according to the fourth embodiment of the present invention. 
[0097] Bt way of reference, the inventive principle of the 
method of forming a contact for a semiconductor device 
according to the fourth embodiment of the present invention 
will be described below. 

[0098] In the fourth embodiment of the present invention, 
deposition processes for ARC, the hard mask, and the 
insulating film spacer are carried out in a multistage to 
form a conductive wiring by using the SAC process, the 
respective thin films are formed in such a manner that the 
inherent characteristics and functions of the thin films can 
be maintained. The thin films are made of the same material, 
that is, the single layer of the persilicon oxide nitride 
film. 

[0099] First, the wiring material has a high refractive 
index. Thus, the refractive index of the aforementioned 
reflection preventing film needs to have an intermediate 
value between the refractive indexes of the wiring material 
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and the photosensitive film. 

[0100] Accordingly, the value should be varied in a wide 
range, and the reflection preventing film has such inherent 
functions that the film when it is disposed in the device 
does not deteriorate the characteristics of the device. 
[0101] The hard mask should have a high etch selectivity 
ratio with respect to the oxide film as the interlayer 
insulator as well as the existing nitride film, and should 
function as an oxidation-preventing film for the wiring 
material and also, should have such film characteristics as 
do not deteriorate the characteristics of the device. 
[0102] Accordingly, in this invention, the novel persilicon 
oxide nitride film having specified contents of amorphous 
silicon, polysilicon, silicon nitrides, and silicon oxides, 
is formed by using a PECVD system and adjustment of the mix 
ratio of vapor deposition gasses for forming the silicon 
oxide nitride film, and equipment factors such as plasma 
excitation power, the temperature of a substrate, the 
pressure of reaction gases, and so forth. 

[0103] For the persilicon oxide nitride film used in the 
present invention, the content of amorphous silicon or 
polysilicon is set to be in the range of 5 to 30 %, that of 
the silicon nitride film is set to be in the range of 30 % 
to 70 %, and the n, k values (n is a refractive index, and k 
is an absorption constant) are maintained so that the 
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persilicon oxide nitride film can be used as the reflection 
preventing film. 

[0104] The persilicon oxide nitride films presenting the 
same optical characteristics and the same inherent function 
during the process. The process is divided in several steps. 
The steps are carried out in unit-processes, respectively, 
so that the films have a function as the reflection 
preventing film and that as the hard mask. The in-situ 
plasma process for removing scums can be carried out in the 
same chamber. Thus, the processing efficiency is high. 
[0105] The persilicon oxide nitride film, which is a 
material for the hard mask or the like, is used for the 
spacer, and thereby, the bonding characteristics between the 
two thin films are enhanced. Thus, separation of the two 
thin films from each other, which may be caused during the 
succeeding heat treatment process, is prevented. Thus, the 
stability of the device is enhanced. 

[0106] Moreover, stress applied to the films can be 
controlled by utilization of the PECVD. The coating ratio 
of the PECVD for a step-shaped portion is inferior to that 
of the LPCVD, but, when the space is formed by vapor- 
deposition, the PECVD can be advantageously used in 
formation of a pattern having a small interval between 
wirings . 

[0107] In view of the foregoing, in the method of forming a 
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contact for a semiconductor device according to the fourth 
embodiment of the present invention, a conductive layer 
(101) is formed on the upper side of a semiconductor 
substrate (not shown) as shown in FIG. 10. A single layer 
composed of a first persilicon oxide nitride film (103) 
which functions as a reflection preventing film and also a 
hard mask is formed thereon. 

[0108] At this time, the first persilicon oxide nitride 
film (103) is formed by vapor deposition in a reaction 
chamber in which the reaction chamber pressure is in the 
range of 0.1 to 10 torr, the high frequency applied-power is 
10 to 1000 KW, the substrate temperature is 100 to 500 °C, 
the distance between the electrodes is maintained in the 
range of 100 to 1000 mm, and the ratio of reactant gases is 
controlled. 

[0109] Moreover, the first persilicon oxide nitride film is 
formed so as to contain amorphous silicon and polysilicon at 
a content of 5 to 30 percents, whereby the difference 
between the etch selectivities of the first persilicon oxide 
nitride film and the oxide film used as the interlayer 
insulator is increased. 

[0110] At this time, the first persilicon oxide nitride 
film is formed by the in-situ process in such a manner that 
the silicone content is low on the lower side of the film 
and is high on the upper side in the aforementioned range of 
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5 to 30 %, and is used as the hard mask which enhances the 
etching efficiency during the etching process. 
[0111] Then, the first persilicon oxide nitride film (103) 
having the aforementioned low silicon content is made of 
silicon, silicon nitride (Si3N4), and silicon oxide (Si02) at 
a content of Si-N (Si3N4) of 30 % to 70 %, whereby the 
content ratio of Si-0 (SiOj) is decreased, and the difference 
between the etch select ivities of the first persilicon oxide 
nitride film and the interlayer insulator made of an oxide 
film formed in the succeeding process is increased. 
[0112] Next, the surface of the first persilicon oxide 
nitride film (103) is oxidized by plasma treatment in-situ 
in the same chamber, though not shown in the drawing, to 
form a thin oxide film (not shown). Thus, the scum 
phenomenon which may occur in the etching process is 
suppressed. 

[0113] At this time, the conditions for the plasma 
treatment made to progress in-situ are as follows. 
[0114] First, the plasma treatment is carried out at a 
reaction chamber pressure of 0.01 to 10 torr, a high 
frequency applied-power of 0 to 5000 W, a substrate 
temperature of 100 to SOO'^C, and a distance between the 
electrodes of 10 to 1000 mm, by using NjO or Oj gas at 100 to 
10000 seem. 

[0115] Subsequently, the first persilicon oxide nitride 
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film (103) and the conductive layer (101) are patterned by 
photographic etching process utilizing a conductive wiring 
mask (not shown) to form a first persilicon oxide nitride 
film pattern (103) and a conductive layer pattern (101). 
[0116] Next, as shown in FIG. 11, a second persilicon oxide 
nitride film (not shown) is formed by vapor deposition on 
the whole surface till the thickness has a predetermined 
value. 

[0117] At this time, the second persilicon oxide nitride 
film (not shown) is formed by the PECVD method using a high 
frequency electric source at 13.56MHz or in the range of 100 
Hz to iMHz. 

[0118] Moreover, the PECVD method is carried out at a 
plasma generation power of 0 to 2 KW, with a substrate bias 
being applied for enhancement of a thin- film density, and at 
a pressure of 0.5 to 20 torr. 

[0119] Moreover, the PECVD method uses a mixed gas 
comprising 0 to 500 seem of SiH4, 0 to 5000 seem of NjO, and 
0 to 50000 seem of Nj. 

[0120] In this case, the thin-film uniformity can be more 
enhanced by use of a mixed gas for vapor deposition having 
an inert gas such as He, Ne, Ar, or the like added thereto 
for dilution. 

[0121] Moreover, the second persilicon oxide nitride film 
(not shown) can be also formed by the PECVD method using an 
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ultra high frequency electric source at 2.45 GHz. 
[0122] The aforementioned PECVD method is carried out at a 
plasma generation power of 0 to 5 KW^ with a substrate bias 
being applied for enhancement of the thin-film density, and 
at a pressure of 0.002 to 100 torr. 

[0123] Moreover, according to the PECVD method, the thin- 
film uniformity can be further enhanced by using a mixed gas 
for vapor deposition, which is a gas of 0 to 500 seem of SiH4 
and 0 to 5000 seem of NjO mixed with 0 to 5000 seem of Nj, 
having an inert gas such as He, Ne, Ar, or the like added 
thereto for dilution. 

[0124] Subsequently, the second persilicon oxide nitride 
film (not shown) is anisotropieally etched to form a 
persilicon oxide nitride film spacer (105) on the side walls 
of the conductive layer (101). Thus, the single layers of 
the persilicon oxide nitride film pattern (103) and the 
persilicon oxide nitride film spacer (105) are formed on the 
upper side and the side wall of the conductive layer pattern 
(101). 

[0125] The following Table 3 lists the results obtained by 
measurement of the optical characteristics of the persilicon 
oxide nitride film pattern (103) and the persilicon oxide 
nitride film spacer (105) formed according to the present 
invention, by use of a spectroscopic ellipsometer (n is a 
refractive index, and k is an absorption constant). 
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[0126] 
[Table 3] 

Amorphous silicon (%) 

Wavelength ( nm ) 
[0127] Moreover, the following Table 4 lists the 
characteristics such as the dielectric constants, stresses, 
and select ivities obtained by the existing NB-SAC process 
and oxide nitride film SAC processes, and the persilicon 
oxide nitride film SAC process technique according to the 
present invention . 
[0128] 
[Table 4] 

Dielectric constant 

Stress 

Selectivity ratio 

Persilicon oxide nitride film sac 

Oxide nitride film sac 
[0129] By way of reference, the coating ratio of the PECVD 
for a step-shaped portion is lower than that of the LPCVD. 
When the spacer is formed, the thickness of the film formed 
by vapor-deposition on the side thereof and the lower 
portion becomes small with the line-width of a wiring being 
decreased. As a result, the PECVD can be advantageously 
carried out when the spacer is formed in a narrow space 
between patterns. 
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[0130] Accordingly, in the method of forming a contact for 
a semiconductor device of the present invention, when the 
persilicon oxide nitride film is formed, the content of the 
amorphous silicon for constituting the film is maintained at 
a constant value in the range of 5 to 3 0%, and 
simultaneously, the content of Si - N is set in the range of 
30 to 70 %, whereby the etch selectivity is increased. Thus, 
the SAC process using a single layer of the persilicon oxide 
nitride film is carried out instead of the existing SAC 
process using the capping nitride film. Thus, the functions 
of the layers as the reflection preventing film, the hard 
mask, and the spacer formed by the existing multi-stage 
vapor deposition can be achieved. 

[0131] Moreover, according to the method of forming a 
contact for a semiconductor device of the present invention, 
the reflectivity of a film underlying the persilicon oxide 
nitride film can be adjusted to 10% or less when the 
thickness of the persilicon oxide nitride film is at least 
900A. From this point of view, the thicknesses of the 
reflection preventing film and the hard mask vapor 
deposition film can be reduced, and therefore, the height of 
a step-shaped portion can be decreased in the succeeding 
process . 

[0132] Moreover, after the vapor deposition, the in-situ 
plasma treatment can be carried out. Thus, the multi-stage 
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processes can be reduced to the one-step process. That is, 
the process can be simplified. 

[0133] Moreover, the process of etching the single layer of 
the persilicon oxide nitride film can be substituted for the 
multi-stage etching processes employed due to the use of two 
kinds of materials for the silicon oxide nitride film and 
the nitride film in the etching process. Thus, the process 
efficiency can be enhanced. 

[0134] In addition, the hard mask and the reflection 
preventing film are made of the persilicon oxide nitride 
film. The bonding of the hard mask is increased, which 
contributes to the stability of the formation of wirings in 
the device. 

[0135] Thus, according to the present invention, the 
economy of cost and time, and the process efficiency, and 
characteristics of the device can be improved. 
[013 6] Furthermore, a fifth embodiment of a method of 
forming a self-aligned contact for a semiconductor of the 
present invention will be described in detail with reference 
to the accompanying drawings . 

[0137] FIGS. 12 and 13 are cross-sectional views of the 
method of forming a self-aligned contact for a semiconductor 
according to the fifth embodiment of the present invention, 
respectively . 

[0138] According to the method of forming a self -aligned 
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contact for a semiconductor of the present invention, a 
conductor (113) for a gate electrode, a first silicon oxide 
nitride film (115), and a first silicon rich silicon oxide 
nitride film (117) are laminated onto a semiconductor 
substrate (111), as shown in FIG. 12, 

[0139] At this time, the first silicon rich oxide nitride 
film (117) is an oxide nitride film containing 20 % by 
volume of silicon. 

[0140] Moreover, the first silicon oxide nitride film (115) 
is an ordinary oxide nitride film. The first silicon oxide 
nitride film (115) and the first silicon rich silicon oxide 
nitride film (117) can be formed in-situ by adjustment of a 
source gas for silicon supplied during the process of 
forming the second silicon rich oxide nitride film (117). 
[0141] Subsequently^ a photosensitive film is coated onto 
the upper side of the laminated structure. The 
photosensitive film is formed into a photosensitive film 
pattern by the exposure and development processes using a 
gate electrode mask (not shown). 

[0142] Next, the laminated structure is etched with the 
photosensitive pattern being used as a mask. Thus, a gate 
electrode provided with a laminated structure comprising the 
first silicon oxide nitride film (115) and the first silicon 
rich oxide nitride film (117) in the upper portion thereof 
is formed . 
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predetermined part of the semiconductor substrate (111). 
[0148] At this time, the process of etching to form a self- 
aligned contact is carried out by means of a C-F type plasma 
using C4Fa/CH2F2 or the like by which the first and second 
silicon-rich oxide nitride films (117) and (121) can present 
a sufficient etch selectivity with respect to the interlayer 
insulator (123). 

[0149] Moreover, to enhance the stability of the etching 
process, an inert gas such as argon, helium or the like may 
be added, and then, the process is executed. 
[0150] The etching process can be carried out by using a 
carbon-rich (C-rich) fluoro-gas such as C3F8, CgFg or the like. 
In this case, to this gas, a C-H-F type gas may be added, so 
that the etching-stop phenomenon, which may be caused by 
polymers, is eliminated, and thus, a high selectivity is 
obtained. 

[0151] Moreover, a mask insulating film and an insulating 
film spacer for a bit line in place of the gate electrode 
can be formed so as to have a laminated structure comprising 
the silicon oxide nitride film and the silicon-rich silicon 
oxide nitride film according to the present invention. Thus, 
the present invention may be applied to a bit line contact 
process and a storage electrode contact process. 
[0152] 

[Advantages] As described above, the method of forming a 
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self-aligned contact for a semiconductor device in 
accordance with the present invention has the following 
advantages . 

[0153] In the methods of forming a contact for a 
semiconductor device according to the first to third 
embodiments of the present invention, in the SAC process 
using an etching barrier layer, the persilicon oxide nitride 
film is used as the etching barrier layer. C-H-F type gases 
are mixed and used in the etching process for the interlayer 
insulator, so that the etch selectivity of the interlayer 
insulator with respect to the etching barrier layer is 
increased. Thus, the persilicon oxide nitride film suffers 
less stress compared to the low pressure CVD nitride film, 
and phenomena such as deterioration of characteristics of 
the device, distortion of the wafer, and so forth, which may 
be caused by the stress, can be prevented. 

[0154] Problems of generation of cracks in the nitride film 
during the succeeding heat treatment process can be solved. 
The persilicon oxide nitride film, which is ordinarily 
useful as a reflection preventing film, is used. Thus, an 
additional reflection preventing process is not required. 
The process can be simplified. 

[0155] Moreover, since the persilicon oxide nitride film 
has a smaller dielectric constant compared to the nitride 
film, reduction of the operational speed of the device. 
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caused by the parasitic capacitance between wirings can be 
improved . 

[0156] In addition, the persilicon oxide nitride film 
suffers no damages, and thus, the substrate is prevented 
from being damaged. The tolerance of the optimum processing 
conditions is increased, and the etching uniformity is 
enhanced. Thus, the processing yield and the operational 
reliability of the device can be enhanced. 

[0157] Furthermore, in the method of forming a contact for 
a semiconductor device according to the fourth embodiment of 
the present invention, when the persilicon oxide nitride 
film is formed, the content of amorphous silicon 
constituting the film is maintained at a constant value of 5 
to 30%, and simultaneously, the Si-N content is controlled 
to be in the range of 30 to 7 0%, so that the etch 
selectivity is increased- Thus, the SAC process can be 
carried out by using the single layer of the persilicon 
oxide nitride film, instead of the existing SAC process 
using a capping nitride film, and the functions of the 
reflection preventing film, the hard mask, and the spacer 
formed by the existing multistage vapor deposition can be 
executed. 

[0158] Moreover, in the method of forming a contact for a 
semiconductor device according to the present invention, 
when the thickness of the persilicon oxide nitride film is 
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at least 900A, the reflectivity of the underlying film can 
be controlled to be up to 10%. Accordingly, the thicknesses 
of the reflection preventing film and the hard mask vapor 
deposition film can be reduced, and the height of a step- 
shaped portion can be reduced for the succeeding process. 
[0159] Moreover, the plasma treatment can be carried out 
in-situ after the vapor deposition. Thus, the multistage 
processes can be reduced to one-step. Therefore, the 
processes can be simplified. 

[0160] In addition, the process of etching the single layer 
of the persilicon oxide nitride film can be substituted for 
the multistage etching processes employed due to the use of 
two kinds of materials, that is, the silicon oxide nitride 
film and the nitride film in the progress of etching. Thus, 
the process efficiency can be enhanced. 

[0161] Both of the hard mask and the reflection preventing 
film are made of the persilicon oxide nitride film, and 
thereby, the bonding of the hard mask is increased, which 
contributes to the stability of formation of wirings in the 
device. 

[0162] Thus, according to the present invention, the 
economy of cost and time, the process efficiency, and the 
characteristics of the device can be improved. 
[0163] In the method of forming a self-aligned contact for 
a semiconductor device according to the fifth embodiment of 
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the present invention, the mask insulating film and the 
insulating film spacer are formed so as to have a laminated 
structure comprising the ordinary silicon oxide nitride film 
and the silicon-rich oxide nitride film, or the ordinary 
silicon oxide film and the silicon-rich oxide nitride film. 
Thus, the process of forming a self-aligned contact can be 
easily carried out. 

[Brief Description of the Drawings] 

[FIG- 1] FIG- 1 is a cross-sectional view of a method of 
forming a contact for a semiconductor device according to an 
embodiment of a conventional art. 

[FIG. 2] FIG. 2 is a cross-sectional view of a method of 
forming a contact for a semiconductor device according to 
the embodiment of the conventional art. 

[FIG. 3] FIG. 3 is a cross-sectional view of a method of 
forming a contact for a semiconductor device according to 
the embodiment of the conventional art. 

[FIG. 4] FIG. 4 is a cross-sectional view of a method of 

forming a contact for a semiconductor device according to 

another embodiment of the conventional art. 

[FIG. 5] FIG. 5 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to a 

first embodiment of the present invention. 

[FIG. 6] FIG. 6 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to the 
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first embodiment of the present invention. 

[FIG. 7] FIG. 7 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to the 

first embodiment of the present invention. 

[FIG. 8] FIG. 8 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to a 

second embodiment of the present invention. 

[FIG- 9] FIG. 5 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to a 

third embodiment of the present invention. 

[FIG. 10] FIG. 10 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to a 

fourth embodiment of the present invention. 

[FIG. 11] FIG. 5 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to the 

fourth embodiment of the present invention. 

[FIG. 12] FIG. 12 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to a 

fifth embodiment of the present invention. 

[FIG. 13] FIG. 5 is a cross-sectional view showing the 

formation of a contact for a semiconductor according to the 

fifth embodiment of the present invention. 

[Reference Numeral] 

51 substrate 

53 gate electrode 
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55 mask oxide film 

^ 57 persilicon oxide nitride film 

59 interlayer insulator 

61 photosensitive film pattern 

63 contact 
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[0 0 3 3] C<7)<!: ^ISS^tB^ihflM (13) J±'>y 

^^-g^fkS^tas-c^^L. Rfria^N- K-^;^^^ ds) fi 

"7*^ X-r ft^'^ti^^^ (plasma enhanced chemical vap 
or deposition. i^T"CtiPECVD<t 1/ ^ 9 ) ;^itS:?lJffi L7t 

mitmxmfS.'t^. 

[0 0 3 4] ^<Dmi^ m 2 {ziT^-rx 0 {zmi^'^m.^ 
(11) jisstcziv^i:^ hmf^^m^<^—> (17)^ 

[0 0 3 5] t> mtd.m^m^<^ — > (17) fl 

?S^x?iT-ff^^^tL5''^- K-^;^^(7:)^fb:aM (i 5) m 
mmitm:^<9-:y d 7) t-^itm (15) r- 

(scum) ;5^H^fi)c$ix>5o - 
-/u (PR tail) (19) ^{'f^Zt\Zt^^ . eS^SdSl 

<r>mf&{zm^^^^\£\^X^-^o 

[0 0 3 6 1 ^ tbtC. HMf^flSTfeM^^:^^-^ ( 1 7) 
fiK-r5R»r(::=^i' fV^^ftUg (capping nitride) 

[0 0 3 7] mtm't<r>{^(Dt'^^^'^m^<niz 

■)i (stress) (t. - 4:5f^^.t*AXS{C,l: 0 i^'.'ErtiliSi 
m\ti. VMm^^ '^^k\.^j> ^ 7 y ^ (crack) JfW.$fe$r Uti^^t 



(0 0 3 81 '(^^ ^X\ 1:^1 3 o {Imm.Tl!!^! 2 c/)!-jS:)t 

( L 5) r'^5*:ftii5i^^.:'^:-i^^L^</)^^(7n^:7'^x-^^^ 
Lr^ffii::->'; =^>'flS&ft:)li5 (2 D ^/f^/iic-rSa 
[0 0 3 9] ^(n'{i^\i^ m?.\Lmu% (2 1) Ji^;}::^^;! 

fS^ftm (2 1) <h:^^-K-^;^^ (15). J[^Wll5±fl!^ 
10 (13) . ^l.xmiim (II) ^'Sr^lLT^N^--^ 

[0 0 4 0] 'fk^^x. fiiitd^vy:® (id /^i^'-vfuii^ 

(w(Si±fb^M+@,^¥ (low pressurecheraical vapor dep 

osition. l^T-c^iLPcvD<^:v^9) mi:xmtm:^^—^ 
[0 0 4 1] ^(Dt^. mttmtm:^^-"^\t.M^^^m. 

mm.m'^^^. :iin{:ix^mm,m (in (D§jtitm.^y)'- 
[0 0 4 2] mid.(DXo{z. ii^^t^wnz^.^^mi^m^ 

[0 0 4 3] v^^^wr<zgh^'^mi^mj-(D^i^^ ^ 

[0 0 4 4] tie*t£*S{::9g5 4^««s:|gT-<75a£S 

[0 0 4 5] [gi4f±. ^ii^^ts.miz.m^^m^(^m'f'(r>^^ 
^n^tsi^^-^ <7 v-ft\t<n^^\z{^(Dmm%^^^\^tz^ 

[0 0 4 6] \]^^^mz^^^^^^mmt^^i^^ <^ hm 

40 <*S-lg (3 1) JiSJIcy- h^Hiffli^Sf* (3 3) 

(3 5) ^Bf^-r^. 

[0 0 4 7] ^(Dmz. fitiJ-dy; I -> U 3 ^'^ftflg ( 3 

5) ±.mzf^^pj±mx->v ^^mt'Mitm {ss) ^ 

Bni-i'^. 

[0 0 4 8] '/X^'X\ hVlli^-v;^ ^ ^nU^TtJiiOiX 

f^AX\miL}xmrj±mo:>>^j =2:,^mtmi^^^^ (39) . 

iSO [0 0 4 9] Z i: ^ . m,iOKmJ)i\-Mn'^ytX.m-^'*^ 
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(0 0 5 0] imiTey-- h?{]:<^ifUi|!],f{::5^2 '>'J 

^Vfgftflig (3 7) x^mm:^-<-^^m^'^^. 
(4 1) ^/f$/5K-r5o m^mf^^m% 

(4 1) fc'— f — (boro phospho silicate 
glass. tXT-C(iBPSG<t 1/^9) X. 0 \Z,xk^^(n^f\.tz 

(0 0 5 2] ^(ni^[i. nu^e#iSf*fi6t ( 3 L ) <r>^m 
^ h7U-/i^ (4 3) ^if^^-r^o 

[0 0 5 31 wim<DXoitz^ vt^&m^^im^^^mn^ 

m^^h^^i^V ^>mitm(D:k^^^t(:^f} (stress) {ZX 

X^m'^tt^cOV y^r ^ >y (lifting) m<Dm.fk^-^±. 

[0 0 5 4] $^{-. ^it'.zf^^oikmv yy^y 
(lithography) nm^mm^^-i' ^^M.^^ mx.it. 

(0 0 5 5] -eur. mt^i^V ^i^W.itmit^^^mM.'^ 

(0 0 5 6] 1^. mt^i^v ^^mitmt^RmmtzL. 

[0 0 5 7] 

[0 0 5 8] ^^{Z. :$:^m<om2^^\t.'^mT.m^'<Z 
h -yr^rKiliL, ;^ h u :^ ^®^> ^ it J: 9 <h U 

[0 0 5 9] -eur, ^^m(7:>m3B&^i±mi\:m<r>mm 

(0 0 6 01 i-u -yiz^m(nm4 m^w^-^m^<9 — :^<r) 
}im\j^km[mi^z\T^-<r>^nx'tth^'t\.(Di§i^^ v =^ i^mt 

[0 0 6 1] ^LT. 4^itmfnm5B(i^'mm!ci:.nX'\'^ 



(6) I-hDH 2 0 0 0 - 2 0 *J :.1 8 0 

10 

e-fi^^'ilM/i: =1 > y i;/ h T-Pi5 ^'iic^Ii£rt<jr'?f ^}w?T -) - .1: {z 
(0 0 6 21 tn\. ^52f!;iOvn6 tlWfiv-Ll =J>rt^^^t:^^i^^: 

'f-<DmMfSit\zm'r^'-^'^(mi^(D::2:y^ ^ hBfS.-nm 

10 ^^^-r^zt^zh^o 

[0 0 6 3] 

ir^tz!^(D^^mz%^^m-^m'^<r>^:y9^ hB^^li 

f&'T^iL^t. mtmm^&mmx^^^ ^ hyi'^-/\^{z^ 
^ $ r t ^ -5 5^ ^ asatj ^ -t!: ^ ® )t ig^ < - > ff^/se-r 

T:ft^JLBulSi!?)tlI^^-'^->^I^*-r5Xtl<i:. Sfiteil 

£ ^ n ^ F«i mm^^-^:^ <^\z. m^n\^ ^ n 

5 xm^ti X. 6 Z i: ^ a , 
[0 0 6 4] $Jb{c. ^%0^(::^5 4^W(^^^<7^=^ >^ 

-v<h^^- K-^;^^itejiJflI-'-^->$r«ilt"^xm<i:. 

30 \zmmB:y^^—'^^B^'t^TJ^}i. BHis±*^it<75Jt 
xii<i:. w\t^^'^') ^^^m\Lm\jB.^\zmf^^m%^B 

5Xft<i:. m^%im:y<9-'y\zX'on)^^^f\^X\^^^m 
r:g:g'lLRMtS/!S?7feM>"^^5^->^l^^-r5Xfl<i:. sTftSil 

€r JK^-r -5 XII Sr «S ^ 6 :: <t #5 6 . 

[0 0 6 5] -^ur. :^m)\\z%^=^'-m^m'^<^^'^'^ 

^\^^(n:t,%\zn^^'S.'^^} n v^.if; = vc/^-^s^^^ 
'^i\:ii'mmzm\im^mu)LT^i:f^.t . mfifs^— k-^^ 



I i 

[0 0 6 6] ^^^^iiJK^f^.^r-^f'K^^^-ftOr^v^ 
[0 0 6 7] 

[0 0 6 81 msib^m7\t.. ^^m<nm2.n^m\c% 

[0 0 6 9] iHSfi. '^mPiO:>W,2'mi&m\:i%^^m^ 

[0 0 7 01 m9\±. ^^m(D'mz'mmm\:i%^^m^^ 

[0 0 7 1] :^^m\zgh^m i n^m\±. m i ^zir^^n 
fix.o\:Lm'&(D^m{¥mm. (5 1) . m±,^-^iy') 

- hmM (5 3) . '^:^^mitm (3 3) /-i5^->'S:C>- 

(o^^lff^^Sic^cCaiSv^y =1 vSftmfbill (5 7) 

[0 0 7 2] -o<i:g:. ^^mt'S.itm (s 

(0 0 7 31 S «bS::, ?l^^f*:«aJt. &C/^^m«^.m 
{*/± < r >^ ^ ^ 5§ 'tf- 1 N 

PfiB-r^^i^ :/^X-^|^ig{t:^mffl^^ (Plasma Enhan 
cedChemical Vapor Deposition ; l^JLTPE— CVD<!: ^^^i" 
-5) ^RSe/f T'^X-^CVD (HDP-CVD) ^<7):^feT*fM 

[0 0 7 4] -^LX. (»E-CVDti£{::=^ir^^*>'r ^ -^^ ti 

X-;-CVD (high density plasma CVD : HDP-CVD) 

[0 0 7 5] -ec7:>?5^cii. ia6{C7r;-rj: 9{cnti?ciia*>y =1 
>*{t'^fk:«!;5 (5 7) .hufcr-t*-^;^i^- (Boro Pho 

spho Sil icato Glnss ; laTBPSGirl^'-r^) ^-'T^Tt-^^ (T 
cLral'xhyl Or Lho S i I i en Le ; TTl-OS i: ^^lii" ^ ) . t' — 
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^nP^-x— (Phospho Silicate C.lnss ; PSC.) ''n(r>t\^{tV^ 

uis.X'\^^m\\^mM9: (5 9) ^;r^;iicL, m.t[i-i^^>/?f-K;ii^ 
ffi (5 I) r'?giVfirrfi$va:«ii=' >y r'Xc:c^i-tT».>fj 
jfl'>^7i'Ji«7:»®f.'f]*fi**fl^ (5 9) ^'AUW^-^^^^m^^^^- 
> (6 L) ^r/F^/5ic-^-5. 

[0 0 7 6] 11 7{-^r^%t 9{::i1ticT(i!iiS>t/lft-^-'^ 

(6 1) ^ai ^nr v >5iiSlr'n^^^fll^ (5 

9) ^^^^m\^x\^'y') ^'^mit'^itm (L5) ^sg 

tb^it-S =3 ^ (6 3) ^/f^/*-r53 

10 [0077] -co<b:t, nna-d-C'ia*>lJ =^>S§ffc:^{U5l 

(5 7) <lSi-o?tt'> KchSi-\;tf> KJ^:x^;i:^^]MW^7) 

mm%{o9) t\-t-^'j^^£^&im^\:t^'^^^ti}-X'^ 

[0 0 7 8 ] mt^X^mn^cn-m^^^^^z^K^^^ Si^ 
SJciie^SPal^i^flM (5 9) <i:oiS:g!|igiPvitfiepp1iteJ:^ 
m (59) 7J^BPSGco^^jlTt£<^^ 1 t::^-r J: o kzmt 
L. Si-^W^TiW 0%iit±<i:^£^«i:tSrS.^?7£;)^l^^ti-5 

20 [0 0 7 91 
[^ll 



Si^S (%) 




0 


5 


10 


10 


20 


20 


30 


25 


50 


30 


70 


40 



[0 0 8 0] $ e>'rc. m^<Dmmmm% (59) 

^{*fi. ^2tC7iT-rj:9/j:^^«^%lS:LT^f4^$r^:E 
30 1-5:1 i:{w^cC5o 

[0 0 8 1] r(7)<i:t> fe^^^lXadC-H-F^fif:^ 

^|;tJiC2F^. CaFe. CaFe. CaFs. C-*Fs> 
C^Fe. CsFs . CsF 1 o > C.H^F. (x + y = 2. 3. 

4. 5;z=4. 6. 8. lO.CHaF. C^HF^.C 

CH3F. Rifcw^? ^x^^hU(D^f)^h{^M^zm 

Oig^;t/;^U^SIl:^:^. 1^l;t{i'Ar. He. Ne. XeX(iN 

[0 0 8 2] 1^. ^^m^(o%WK^^\zgh^^f^\^^^n 

40 iS0i|-CJlSrfl«fejB:flM (5 9) t'^^?SO<Dt^. ^>'7-{i30 
0— 3.000W, ;^^JX^3-'200m'I\ C^Fs : CM ^ F 2 : Ar = 
5—50 : L~50 : I 1 , 000<7)r^^ ;^ 7^ $r/Tll >-C?T 9 t ^ Ik 

[0 0 8 3 1 ^Ur. XS*fti:iSmt. ^y^^ h y 
V nf figtt ^ f t «^ ^ ^ > ^ ^ /t- - • -f fitif li 1 1^1 f^: i :fb* 1/ ^ -C 

;^ h 'y:^^Hgt^lift^>L. m\lV^^<>^:^^^—^t&m% 
50 [0 0 8 4] titled r'i&i-> 'J =1 >ri^i(k:'^»:fi:ii';^ (59) 



(0 0 8 5) 



t'HSH 0 0 0 - 2 i) 9 3 8 0 
\\ 



* [ M 2 1 













8 


lE8-^3E9dyae/cd : compressive to tensile 
-^lElOdyne/cii : tensile 


20--25 
25 



[0 0 8 61 ^^m(DW.2S!,u^3n}&m^^Ms 

[0 0 8 7] d 8 fl. *:^n;i<7>g5 2 IIJEfiFi|JCt^,5 ^^^Sf* 
[0 0 8 8] m9n. ;*:^0^co^3^i5£i^ijiCi^5 4^^» 
[0 0 8 9] ;*:«W<75^2lli6fi?il(i. I18«r7n-rj: 

h^m (7 3) . ^^i^^e^fbiiE^-':?^-^ (7 5) (omm 
{zstitm:^^--^ (7 7) i^^^fig^jxri.^'SJg^r'^ 

[0 0 9 0] ^^{Z. ^^H^cD^S^te^Ul. Il9il^ 20 

[0 0 9 1] Lfc;5'^o-c. ^^^m'.zgf,^ ^mi^m^(D =i 

[0 0 9 2] 1^, 'ikm.^^^nxM.x(omu%<o^ ^ ^ ^ 

75 ^ ^ ^ o T- xa;!!^ ^^{b-r 5 o 

[0 0 9 3] ^LT. igv-y =1 v^ft:mfWI;i>'^SiW^{c 
tt-<TtSII'^;)^ /b $ ffiiSFfl^^^ v- ^ > 
J: 5 ^ T $r afe ^ ^ it 5 :: ^ Ti^ -e ^ . 

[0 0 9 4] ^^{c. igv-y =1 >^{k:S{k:fl^;)^«(S€rS 

ff7)5ti;)PL, :g:S«li^j-«75^ii^nLTXii!K^&t;^^T-»i 
[0 0 9 5] ;t^5gP.^}::9S5^^f*^^^='>^ ^ 

[0 0 9 61 El I 0 V}'^M\ I I (i. ^5e";icO?5^4 'Jl£-tef^«l 

[0 0 9 7] -^^mz\^.^^'m^{^^,-l'0^'=i>9 



[0 0 9 8] ;1s:Mn;i<7)|5 4g?^f^|t±, SACXte^?ii/n L 
-T-x^. ^Lr*fel^«M:^-<-i^r^^Xflii^p}::^rL^'n<75 

[0 0 9 9] 5«c-r. mtd.f^^^±mitimfm<D^^^ 
[oLool ufc;)^oT. ^(Dmf)^^ii:mm\zK^xmt 

[0 I oil ^ibir. Ruis>'^- K-e;^^{ilt??(7)^ft:M 

[0L0 2] :m(rt^V^. :$:^q^r-{tPECVD^(i^^lffi 

[0 10 31 *:i^B>^i?*J|ffl$ix6ig'>y =t>®?ft:m{b:iig 

(i^H^axfi^^ y V- y =1 v-^ii^s-sorotr y =^ 

>mtm(D^R^ 3 0%i^ii7 0%]^T(::-r5<i: <!: t>i^ 

^mrj±mti.xmm'^^^j:n. km^mt^-t^ m 

[0 I 0 4] 1^. P-(7:)7fe'^6^1#+4i:Xliii?TB*o@^ 

[0 10 5] $ibtw, /N— K-^:^ ^'COJ: 9 ^^cW^^I-^T^ig^ 

film 1.x Wr'(-o:>^'^^\\:^^[ti\}:.^^±^, 
[0L0 6] -euT. PEcvD$r|iiffl urn^icT);^ h ^-^^ 

P0i 6 Z i: 75 T' ^ . LPC vf ) J c It r ^; 6 E5: ^' 
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(0 10 71 Z(r>Xo^£j}-7AZ^^h^^ ■l^-'S(+: 

f5^s»i$:i-^mia(753P5 1 ^^mf^itm ( i o 3) 
(0 L 0 8 ] zco<h Htffem L ia>!; ^v^ft^iftfi^i 

(10 3) {1. 0. l--lOtorrC7);Si:c:^^i±;^. 10— lOOOKW 
<7)ffli^ K^l^JO^;^. lOO-500t:cOStS?lg./it\ 100— 1000 

mm(7^ (an^cg^^r^l (7) gg^l l^i- >5 jS)^:: ^ > ^ <- ! 

[0 10 9] #^s%Kv-li 3 !;•>!; =i>(7) 

^S$r5-30/<— fr> h^tr J: ^ {::ff^)5£ SPfl^SkHI 

[0 110] ::(7)<t^. sMfsmiigv^y ='>g|ftSib:)II 
(10 3) (i. Htrieo-so^^— MEHj^r-TiftJtwis 

i^^j ^>mtmitm (los) (i. v-y =i>^fi:^fh:iM 

=z>^ggf[:4^7 (SiOa) (D^fi-hSi-H (Sia'M^) 

jBfiJc-raci-irfcjio. si-0 (siOa) <D^mtt^i&^^ 
^mmjimx^miumcmfA ^ix^rn r^i&mm t<r)^mm 

[0 112] -^cojfcjc. (lffi{c^l77^Lrv^;:^^,^7)^ ^> 
v^f^^T-fslL:f^r>^>'<— P^T-:7'^X-<-^SL. flutes 1 

i&i^D =^:^mitmitm no 3) (omm^mt^^t^z 
<i:tci:f9. m^-mtm (*ii^) ^f^Ric$i±rf^^^K 

:§:g'IXS0*{clS!^$ti.i^'5^=^^^ (scum) ^f^^mm 

[0 1131 'Ov'^^ (in-situ) T'ii*^ 

[0 114] 5fe-r. S:rc::^EE;^flO.Ol — lOcorr. ^/^ziJE 

^>/3Pii:;^{iO'-5ooow. siSra/Sfi 100— soot:. m-^WM 

2Effll«±lO— lOOOmm(7)*{4=TT'N 2 OXtiO 2 100- 10 

OOOsccm-CMlt/^T^T 9 c 

[0 115] -^og^tc. ig^gd^-^;=t. ^ (lE]^^tr»&) ^ 
(10 3) t'^m.fS ( I 0 I ) ^^^^-->^^L. 3^ I 



(9) VfVM 2 0 0 0-21) 1) :3 8 0 

i^J -y'} zi> m\L'^: — > (10 3) t ^'^.v[^|\v| / >: >y 

-> ( I 0 I ) {iriP^riJci-'So 

(0 L I 6] '(!k\^^X\ mi Wln-^-^-.l ^.f-Ki^^ifi! 1: 

&f5i^(>[-:cv[)H^{if,l^^-imi ur 3^ 2 >rtfefk:'5£ft:ii';$ 
[0 1 I 7 1 -<7)<i: ^ , HMgc35 2ia'>y =i>r^fi:^ft:fi!;5 

(^(El'T^) (113. 56MHzX(i:lOOHz— lMH2<7),9ir.^j(j£^i5i|f^ 

(0 1 18] ${b{C, HufdPECVD:frrtfi. O— 2KW(7)7'7 

;iPL. 0. 5 — 20torrCO/X;^;TT-?T 9, 

[0 119] -eur. RMldPECVD;^/£{i. SiH^ ^0—500 
seem. NaO^O— SOOOsccm, N 3 ^0— SOOOOsccmi::?^^ L 

[0 1 2 0] He. ^e-X\^hr^(D^m\^%P^^ 

[0121] i^. strtfi»2ig>y ni^^fb^fksM (^m 
m {±2. 45GHzc7)@^i;ilgK^3f.^fflv^fcPEcvD:^t£r'ff^J5S 
20 i>r'^5, 

[0122] ^Lr, RritEPECVD:^r£«l. o— SKWcorT*^ 
x-v' ^ ^ -e ^ rii ^ ^ re i6 < ^ r ;^ ^ 

>^DL. 0. 002— lOOtorr<7:»GE/3Tr'ff 9o 

[0 12 3] BHtSPECVD;^i'^{i. SiH^>^0— 500 

seem, N 2 0^0— oOOOsccm, 2 ^0— 50000sccmtrrg^ U 

tz%,P^^m^K He. Ne3<:(lAr^0O^f&fim($:^^>^nLr 

[0124] ^<D^^Z^ mU'm 2 xg'> y =1 V^ftMfbflg 

30 (^{EI^} ^S:^^4:S:^IL. itfie^m® (lo i) (iilig 
fcia'>y =i>ggft:^{k:m;^-<-if do 5) ^r^f^^Ki-^ 
r<i:{cj:«9. (10 1) <D±Lm\tmm\c 

^LScT^igv-y 3>^{l::^{t:mr';S5i§'>y ^^v^fb^ft: 
m^<9-> (10 3) irigv^y =i>-ffi&{t:mibm;^-<-if 

(10 5) ^ffJ^r^o 

[0 12 5] Tlfi^3*i:*:^q^{ceF,;5i®v^y V 

^ft:^{bHM^<^-:/ (10 3) irigv-y =3 v^fb^fbfig 

;^-<— -f^ (10 5) (D7fe^W^^t4^;=^-<iJ^ h n ^ e-y 
^aiy •;/:7'y> — ^ — (spectroscopic el I ipsometer) 
40 ^*ilfflL-ca'l^L^*S*$:S^Lfct>0-C^5 ((BL. 
n : k : ^I|X:^«C) 

[0126] 

[§g3] 



(10) 
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t'HJH 2 0 0 0 -2 U 9 :i 8 0 
IH 



SiH, : NH* : N^O (seem) 


70 : 200 : 120 


80 : 350 : 50 


SiO, (%) 


36.69 


31.29 


Si,N, (%) 


50.78 


57.84 


(%) 


9.53 


10.87 


StS (nm) 


n 


k 


n 


k 


633 


1.954 


0.009 


2.033 


0.011 


365 


2.066 


0.085 


2.16 


0.108 


248 


2.168 


0.323 


2.246 


0.398 



(0 12 71 ^b'.::. Tt^m 4 {±&t^(Dm -SAC. mt *i"o 







fjt;^ (stress) 




SAC 


5—6 


1E8— 3E9dyne/a2j 
: compreasive to teasiie 


20-- 25 




5—6 


1 E8 3E9dy ne/ad 
: compressive to tensile 


5 


NB-SAC 


8 


— 3E9dyne/ad 
: tensile 


25 



[0 12 91 PECVDtS^LPCVDJ: ^9 fe^^^M^Stt 

{0 13 01 L/::;)»or, *:^^tw^5M^i»»9R^<7)=i 

— fwiB#{csi -^^(7)^l:^30'-'7o%^7:>^^^^^^- 
L.r:6:S^iig^^hb^lS;IP^•t^:5z<i:{wJ: *5 . gt??{::=irY 

[0 13 11 $ btc. ^^3^fC^,5^^*^T-0=i>'^ 

^ K?f^3Jc^&j±, ig^>y r3:/g^fh:^{t:)ll'7:>i?^75^9 0 0 
AJii.±T-#>ix{i. TSPB^OSt+S^r 1 0%^:JLT^wi^ffi-r 
[0 13 21 -^LT, ^^fi^^vV^^T'^X-rAli^/it 

(0 13 31 $6tc. :g:gi|xS<^iifTB#tc->u =i>^fk 40 
fi. mS(7^i|lv'y ^>®^fk^{t)I^^:^g'I-r5xm{::l&»9 
[0 13 4] W-ttr, K-^^^S.C/S9tl»itl|g$ria 

(0 I 3 51 J: oT. ^tc^gnr^uJioaiwfM • B^FrrfiA^jcn 



[0 13 61 /^^0^}c<S^^iS*^iR^<75a2:S^«J 
(01371 |g] I 2 1 3 fi. :*:%0^co^ 5 

(0 13 81 i^mK.z.^^^^-mi^m^(n^^m.'^m^s:^ 
1) ±.m^y- hmt^ffl^m* (113) , ^ 1 '>y =1 

>^ft:mfl:HI ( I I 5) I vy -y^'^y 

^{tmitfli (117) ^mm-r^. 
(0 13 91 :L(Dt^. mimi v/y n>y ^y^^if^ 

itm (117) l±->y 2 0^<— irv hflsSitfw^ 

(01401 $ btc. fitfldS 1 S&<fc:^{t:m (115) 

^itJIS (117) <DmfS,T.WPm^^ti^i^V =^>'(r>y 
-:^:^:^^mW't^zt^:iX^. mifG^ 1 -> y =f 

mfh:^ (115) f^iiyv v^mtmtm ( i 
(0 14 11 ^<n}k\^. mttmmm'^±.%'^:imm%^^ 

S7t>& Xl^m. X f^TTsS Ttflg^' < ^ - > 5: fiic-r 5 o 
[0 14 21 2X:v^-C\ fluiaisS^tM^^^-v^-^^^t-L- 
TflMlsfa^tSit^*^! Jifnijic^ 1 -> y =1 >^^fk:Sfi: 
( I I 5 ) 5^ I ^> y =^ > y y f^^ft^fi:^^ ( I I 

(01431 ^c7)?^:w, ^f^-^ffiiiigiis^3F5 2 -> y = >m 

itmx'i))i^¥, i^m^^:^^-^ (119) ^ffu^^c-r^o 
( 0 I 4 4 1 J5>:v ^T-, ±i^m\T\Ltmzm 2 •> y = 

>mi*:^oiLTNM.rd2f^* I r<(iw>^^^'<^-^ (119) owi^J^ 
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(12 1) ^if$hti-6, 
[0 14 6 1 -ecoe^jr, HI I 3 i::^--^- ct 9 i,zmt(L±{^m: 

iin ±.m:i±^^mm^^^mt^^ ^mvMmwm (123) 

^ff^/«^5o ^^7)<t#. nti.td^rJ!lfi^flM (12 3) (±BP 
[0 14 7] gfci.>-C% t'.;. h7-r V-^arraS^S^ff^r^T' 10 

(12 3) ^^E.^m'o'i::^mu. mtE^^mt^mm 

(111) <Df''^^ntl^^'Ai:nth^t^.^^>^ ^ h 
(0 14 81 Z(Dt^. mt^^^m^m^J:^:^^ ^ 

giixsfi. mmmmmmm (123) i:i^i&o-i^2 
y 3 > 1; -^/^SfbSfkAg (117) (12 1) 

[0 14 9] ^fbJc. HHtdt:^IXfi(7:)^Stl^f^ii^^ 20 

;)PLTfT9 r i: hX^^^o 
[O L 5 01 -eUT. stitd^^JXfKtCaFs , C^Fs^ 

<7)j: 9^cC^^y -y^ (c-rich) ;7 .y^;^;^;^^!^ 
mM\^X7t^V-^-'<zX^'A^\^±^fk^^j:< 
[0 1 5 1 1 ^lay- hmtSiT^fti:?^^^^ h7 

9?:^'>y ^^mtmtmt'y') ^^^y y^^>y ^^^s^fi: 30 

(0152] 

(0 L 5 3] ;^^q^(7)B I 7^M3^ffifi?ii{c0^6^i^(*:^ 

6SAcxm-c:ft^ni«igS(cia-> y =» ^-s^^ft^fCfli^rffi 40 

</\ ^rn1^fi^fl^(7^$g']X^lH#{rC-H-F^;^;^^?^ig'f£ 
[0 15 41 f-i, \^mmmT.VAX'(nmU^o:>^y ^ y 

■>y =1 ^mt'^Jtm^wii-t ^cDX\ ia/juM/^swiwit 

r. f'.l ;!> ^ 51^ -C ^ <5 /•! a6 r f^A /) ^ Ml^ifiJC /j: 5 , 

(o I 5 51 -eur, ia>y ='>^ff-?ifl:)l«7)^'5Kft:)i«J^ -=50 
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lt^^7E^^-f)^^'h^ t/ ^/-c-Zj . rtd;^tM|c/)V.Pl- ^V- ^ > •> ^ > X 
(0 15 61 ^^'<:i. i&^y^)^'^mit-^Jtm/r\iUV^r^'Sk 

(0 L 5 71 >^c^(ffIco;3^4gii:tefH{c9f:^:i^^f^^ 
:f.(Ozi>^ ^ hf^^fi^:^m'<Z:}f6\.-X{±. i^v-y =i XS^^ftlS 

fkflMiF^a5cH^{cfif ^ t,?;^^ t- 6 ^Mnli rr •> y =1 > ^ 1: ^5 -3 
0%{1— £iC|tlf#L. nTllI#{::Si-NC0^.^^30'-70%0^ 

e> ^/-^fbii^^^i;^ LTtsAcxfi^ia y ^s^^fk:^ 
^k:llgo¥.S^ffi^/^-CSACXmT'?Tt/^ 6£??ogs^Spg3g« 

(0 15 81 ^e>{w. ;$:^9>^iCl3F.5 4^^(*:^^0=i>':$^ 

N mf&:^m. iS y =^ >'«!fl::^fk:)lIcoi? $ 9" (J o A 
iit±-e^nfi\ rm^co^^/f ^ 1 o%iaT{cpgi't''5 
zt^'-x^ ^.^j<c^^xf^iti\^itm. h'-r:^^m^ 

fiicoii: ^ ^ig:T ^ i± 5 C t ?2^XflB#(7:>©M^M 

(0 15 91 -eur. .^l^f^^ Vv-^^tTtX-^^PIt)'^ 

/:: y> X?l 5r *«€it: $ it 5 Z <!: -e # ^ , 
[0 16 0] ^ibic. tei^ilxSigfTflfJcv^y =1 v^ft:^ 

fl. ^ST'^-Si^v-y =1 >^{t:m{t:II^:i:^|-r5Xltic 

(0 16 1] Wi^TT. K^:^i^.^O^;SOT;^il:flI^ig 
V- y =r >^{i::^{l:fll{::f^/55c:-r 5 z <^ j: «9 , K^;^ 

(0 16 21 LfcT^^oT. y^^m'iZX^^'f^^ ■ ^^m^ 

[0 16 3] ^mm(Dmo'mmwv.zm^^'^i^m'?-<r>^ 

mtmtmt y ^ > y ^t^ft:^:ft:fl^i3i(±ia!^cov' y 
3 >m\tmt . y >^ y y ^fi$^fc:m^^:fl^^o^S®t^^ig■C- 
hmuSi)i\ii^n-^'^-\m\\mx^^^., 

((H 3 1 ?i£3l5t2:i^V(7>-gi2tefirinc(^.6 T^iSf^*T-</^ 
^ h if^fiJc Ti m ^ /I'^iirnfrt Ixl X . 
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(1216 ] '^m\<r>^, I %mWiZ^'.^^'m^'M'^(^y^ > 9 

[1117 1 3|c5gtyi<7)m l1g«5CT{c<?,5^f-«(*4!5^<7;=i 

[nisi i^^m(n'^2n^m\zgh^^mt^m'f-(r>^>9 



10 
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(dial -^%mo->'^, 5 •;i-«iif^^!u(jr:^ -!-i^!cf>K^i r-o')^ > 

^ ^ h;f$fi^>>-fii^'F-ritfriTnl:^|-C^5. 
(Ill I. 31 :^5gill!(7:)^5 g^^tef^^'l{CC^6^^^(^4|5T-<0=i>- 

5 L 

5 3 y-hig<^ 
5 5 -^^<7m\Lm 

5 9 mf^mM% 

6 1 ®3t)lE^-'^-> 
6 3 ^ 9 V 
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